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(57) ABSTRACT

To provide an economically advantageous process for pro-
ducing HFO-1234yfuseful as a new refrigerant in sufficiently
high yield by one reaction involving thermal decomposition.
A process for producing HFO-1234yf and VdF from raw
material containing R22, R40 and TFE, by a synthetic reac-
tion involving thermal decomposition, which comprises (a) a
step of supplying the R22, the R40 and the TFE to a reactor,
as preliminarily mixed or separately, (b) a step of supplying a
heat medium to the reactor, and (c) a step of bringing the heat
medium in contact with the R22, the R40 and the TFE in the
reactor to form the HFO-1234yf and the VdF.

15 Claims, 2 Drawing Sheets
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PROCESS FOR PRODUCING 2, 3, 3,
3-TETRAFLUOROPROPENE AND 1,
1-DIFLUOROETHYLENE

This application is a CON of PCT/JP2013/057258, filed
Mar. 14, 2013.

TECHNICAL FIELD

The present invention relates to a process for producing
2,3,3 3-tetrafluoropropene and 1,1-difluoroethylene, particu-
larly to a process for producing 2,3,3,3-tetrafluoropropene
and 1,1-difluoroethylene by one reaction from raw material
comprising chlorodifluoromethane, chloromethane and tet-
rafluoroethylene.

BACKGROUND ART

In recent years, 2,3,3,3-tetrafluoropropene (HFO-1234yt)
has attracted attention as a new refrigerant to replace 1,1,1,
2-tetrafluoroethane (HFC-134a) which is a greenhouse gas.
In this specification, with respect to a halogenated hydrocar-
bon, after its chemical name, an abbreviated name of the
compound is shown in brackets, and in this specification, as
the case requires, instead of the chemical name, its abbrevi-
ated name is used.

As a process for producing HFO-1234yt, for example, a
process is known wherein 1,1-dichloro-2,2,3,3,3-pentafluo-
ropropane (HCFC-225ca) is subjected to dehydrofluorination
with an aqueous alkaline solution in the presence of a phase-
transfer catalyst to obtain 1,1-dichloro-2,3,3,3-tetrafluoro-
propene (CFO-1214ya), which is then used as synthetic raw
material and reduced by hydrogen to obtain HFO-1234yf.

However, this process has problems such that it requires
multistage reactions whereby installation costs tend to be
high, and distillation/purification of the intermediate product
and the final product is difficult.

On the other hand, Patent Document 1 discloses that dif-
ferent types of hydrochlorocarbon compounds (e.g. chlo-
romethane and chlorodifluoromethane) are combined and
heated at 845+5° C. in the presence of steam for dehydro-
chlorination and condensation, whereby fluorinated olefins
such as HFO-1234yf are formed.

Further, Patent Document 2 discloses a method for obtain-
ing HFO-1234yf by heating and decomposing a mixture of
chloromethane and tetrafluoroethylene (TFE) or chlorodit-
luoromethane at a temperature of from 700 to 950° C. by a
common heating means such as an electric heater in a reactor.

However, in each of the methods disclosed in Patent Docu-
ments 1 and 2, although HFO-1234yf was formed by one
reaction, it was not possible to obtain highly pure HFO-
1234yt in sufficiently high yield, since the amount of a
byproduct formed such as chlorotrifluoroethylene (CTFE)
which is difficult to separate by distillation from HFO-
1234yf, tended to be large.

Further, in the method disclosed in Patent Document 2, as
the retention time increased, formation of high boiling prod-
ucts as by-products and carbonization of raw material were
likely to occur whereby the reactor was likely to get blocked.
Further, by the influence of an acid component formed as a
byproduct, a special corrosion resistant apparatus (such as a
reaction tube lined with platinum) was required, and thus, in
consideration of the industrial production, such a method was
totally unrealistic.
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2
PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: JP-B-40-2132 (Example 4)
Patent Document 2: U.S. Pat. No. 2,931,840

DISCLOSURE OF INVENTION
Technical Problem

The present invention has been made in view of the above
situations, and has an object to provide an economically
advantageous process for producing HFO-1234yfuseful as a
new refrigerant in sufficiently high yield by one reaction
involving thermal decomposition, by using readily available
raw material. Further, it has an object to provide a process to
obtain highly pure HFO-1234yf by preventing formation of
CTFE as a byproduct which is difficult to separate by distil-
lation from HFO-1234yf.

Solution to Problem

The present invention provides a process for producing
2,3,3,3-tetrafluoropropene (HFO-1234yt) and 1,1-difluoro-
ethylene (VdF) from chlorodifluoromethane (R22), chlo-
romethane (R40) and tetrafluoroethylene (TFE), which com-
prises

(a) a step of supplying the R22, the R40 and the TFE to a
reactor, as preliminarily mixed or separately,

(b) a step of supplying a heat medium to the reactor, and

(c) a step of bringing the heat medium in contact with the
R22, the R40 and the TFE in the reactor to form the HFO-
1234yf and the VdF.

Advantageous Effects of Invention

According to the process of the present invention, it is
possible to produce HFO-1234yf useful as a new refrigerant
in sufficiently high yield by using readily available R22, R40
and TFE as raw material and reacting them as they are without
taking out an intermediate product from the reaction system.
Accordingly, as compared with conventional methods for
producing HFO-1234yf, it is possible to substantially reduce
costs required for the raw material and production facilities.

Further, it is possible to prevent formation of a byproduct
such as CTFE which is difficult to separate by distillation
from HFO-1234yf, whereby it is possible to obtain highly
pure HFO-1234yf. Further, it is possible to produce, together
with HFO-1234yf, 1,1-difluoroethylene (VAF) which is use-
ful as raw material for polyvinylidene fluoride to be used as
material for water-treatment filters, various production
machine components, etc., whereby economical merits are
substantial. Furthermore, recycling of byproduct TFE is pos-
sible, whereby economical effects are substantial.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view illustrating an example of a reaction
apparatus to be used for the process of the present invention.
FIG. 2 is a view illustrating another example of a reaction
apparatus to be used for the process of the present invention.

DESCRIPTION OF EMBODIMENTS

Now, embodiments of the present invention will be
described.
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The present invention provides a process for producing
HFO-1234yf and VdF by a synthetic reaction involving ther-
mal decomposition by using chlorodifluoromethane (R22),
chloromethane (R40) and tetrafluoroethylene (TFE), as raw
material. And, this process comprises

(a) a step of supplying the R22, the R40 and the TFE to a
reactor, as preliminarily mixed or separately,

(b) a step of supplying a heat medium to the reactor, and

(c) a step of bringing the heat medium in contact with the
R22, the R40 and the TFE in the reactor to form the HFO-
1234yf and the VdF.

The process of the present invention may be a continuous
system process or a batch system process. In the continuous
system process, the supply of R22, R40 and TFE as raw
material to the reactor, the supply of the heat medium to the
reactor and the withdrawal of the reaction mixture containing
HFO-1234yf and VdAF from the reactor are continuously con-
ducted, respectively. In the batch system production, either
one of the supply of the raw material in the step (a) and the
supply of a heat medium in the step (b) may precede the other,
or they may be conducted simultaneously. That is, even in a
case where at the time of supplying either one of the raw
material and the heat medium first, the other is not supplied to
the reactor, the component to be supplied later may be sup-
plied during the retention of the raw material or the heat
medium supplied first, so that the raw material and the heat
medium will be contacted with each other for a predeter-
mined time in the reactor.

From the viewpoint of the production efficiency, the pro-
cess of the present invention is preferably a continuous sys-
tem process. In the following, the process of the present
invention will be described with reference to an embodiment
wherein it is applied to a continuous system production, but it
should be understood that the present invention is by no
means limited thereto.

Further, a step of withdrawing a reaction mixture contain-
ing HFO-1234yf and VdF from the reactor will hereinafter be
referred to as the step (d). Therefore, in the continuous pro-
cess, the steps (a), (b) and (d) are all conducted simulta-
neously.
<Reaction to Form HFO-1234yf>

In the present invention, a synthetic reaction involving
thermal decomposition and dehydrochlorination as shown in
the following formula (1) takes place to form HFO-1234yf
and VdF.

H }|I F F
F—C—cC + H—C—Cl -+ c=C —_—
F F
R22 R40 TFE
n
F it F it
\N_ 7/ \N_/
c=cC + c=c +  HC
/ \
CF; it F it
HFO-1234yf VdF

It is considered that R22, R40 and TFE as raw material
undergo a thermal decomposition and dehydrochlorination
reaction to form a mixture containing difluorocarbene (F2C:),
TFE and R40, and further, they are converted, directly by an
addition reaction or via at least one type of intermediate, to
tetrafluoropropene (particularly to HFO-1234yt) and VdF. In
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this invention, from such a thermal decomposition reaction to
the reaction to form HFO-1234yt and VdF will be referred to
as a synthetic reaction involving thermal decomposition.

Also in the case of a two component system using R22 and
R40 and not using TFE as raw material, by the contact with a
heat medium, a similar thermal decomposition/dehydrochlo-
rination reaction takes place to form HFO-1234yt. However,
in the present invention using a three component system raw
material comprising R22, R40 and TFE, as compared with the
case using the two component system raw material, the con-
tact time of the raw material and the heat medium in the
reactor can be shortened. Further, it is possible to prevent
formation of byproducts and to obtain highly pure HFO-
1234yf. These effects will be described in detail later.

Further, by using the three component system raw material
comprising R22, R40 and TFE, the proportion of HFO-
1234yfin the obtainable reaction mixture can be made high as
a relative proportion to CTFE which is difficult to separate by
distillation particularly from HFO-1234yf. Specifically, the
ratio (molar ratio) in content proportion of HFO-1234yf to
CTFE in the reaction mixture can be made to be at least 9.0 as
the molar amount of HFO-1234yf/the molar amount of CTFE
(hereinafter represented by “HFO-1234yf/CTFE”). HFO-
1234yf/CTFE is preferably at least 10.0, more preferably at
least 15.0. When the value of HFO-1234yf/CTFE is at least
9.0, the economical superiority is substantial as the process
for producing HFO-1234yf.

Further, the present invention has a merit in that handling of
the raw material can be conducted safely.
<Raw Material>

In the production of HFO-1234yf of the present invention,
R22, R40 and TFE are used as raw material. The raw material
may contain, in addition to such three components, com-
pounds capable of forming difluorocarbene (F,C:) when
decomposed by contact with the heat medium in the reactor,
e.g. hexafluoropropene (hereinafter referred to as HFP),
CTFE, trifluoroethylene, octafluorocyclobutane (hereinafter
referred to as RC318), hexafluoropropene oxide, etc.

Hereinafter, fluorinated compounds capable of forming
F2C: by thermal decomposition in the reactor, other than R22
and TFE, will be referred to as “HFP, etc.”

The molar ratio of the supply amount of TFE as one of the
raw material components to the supply amount of R22 (here-
inafter represented by TFE/R22), is made to be preferably
within a range of from 0.01 to 100, more preferably within a
range of from 0.1 to 10, particularly preferably within a range
of from 0.1 to 3. Here, in this embodiment wherein the raw
material and the heat medium are permitted to continuously
flow in the reactor for the reaction, the supply amounts of the
respective components of the raw material and the heat
medium are deemed to represent the supply amounts per unit
time. By adjusting the molar ratio TFE/R22 to be at least 0.1,
it is possible not only to shorten the contact time with the heat
medium, but also to obtain highly pure HFO-1234yf by pre-
venting formation of byproducts. Further, by adjusting the
molar ratio TFE/R22 to be at most 10, it is possible to obtain
HFO-1234yf in higher yield. The molar ratio TFE/R22 is
particularly preferably within a range of from 0.1 to 3.

Further, the molar ratio of the supply amount of R40 to the
total of the supply amount of R22 and the supply amount of
TFE (hereinafter represented by R40/(R22+TFE)) is made to
be preferably within a range of from 0.01 to 100, more pref-
erably within a range of from 0.1 to 10, particularly preferably
within a range of from 0.33 to 3. By adjusting the molar ratio
R40/(R22+TFE) to be from 0.01 to 100, it is possible to
increase the conversion of R40 and to produce HFO-1234yf
in high yield.
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The temperature of R22 to be supplied to the reactor and
the temperature of HFP, etc. to be supplied to the reactor, are
preferably made to be from 0 to 600° C. with a view to
adjusting them to a temperature where carbonization hardly
takes place while the reactivity is high to a certain extent.

From the viewpoint of further improving the reactivity, itis
preferred to heat R22 and HFP, etc. to at least ordinary tem-
perature (25° C.) and at most 600° C., or more preferred to
heat them from 100 to 500° C., before introducing them to the
reactor.

Whereas, the temperature of R40 to be supplied to the
reactor is preferably made to be from 0 to 1,200° C. from the
viewpoint of the reactivity. With a view to further improving
the reactivity, it is preferred to heat R40 to at least ordinary
temperature (25° C.) and at most 1,200° C., or more preferred
to heat it from 100 to 800° C., before introducing it to the
reactor.

The temperature of TFE to be supplied to the reactor is
preferably made to be from 0 to 1,200° C. from the viewpoint
of the reactivity. With a view to further improving the reac-
tivity, it is preferred to heat TFE to at least ordinary tempera-
ture (25° C.) and at most 1,200° C., or more preferred to heat
it from 100 to 800° C., before introducing it to the reactor.

The respective raw material components such as R22, R20
and TFE and further HFP, etc. which are used as the case
requires, may be supplied to the reactor separately, or the
respective components may be mixed and then supplied to the
reactor. In a case where the respective components are mixed
and then supplied, the raw material components may be
divided into groups, e.g. into a group of fluorinated com-
pounds capable of forming F2C: and another group of others,
and the respective groups may be mixed and then separately
supplied to the reactor, or all raw material components may be
mixed and then supplied. When the above-mentioned differ-
ence in the supply temperature is taken into consideration, it
is preferred that R22, TFE and HFP, etc. to be used as the case
requires, are mixed, adjusted to the above-mentioned pre-
ferred temperature and then supplied to the reactor, and sepa-
rately therefrom, R40 is adjusted to the above-mentioned
preferred temperature and then supplied to the reactor.

Whereas, in a case where the respective raw material com-
ponents such as R22, R40 and TFE and further, HFP, etc. to be
used as the case requires, are preliminarily mixed and then
supplied to the reactor, with a view to preventing the reaction/
decomposition from proceeding before the reactor, the tem-
perature at the time of introduction to the reactor is adjusted to
be preferably lower than 600° C., particularly preferably
lower than 500° C.
<Heat Medium>

The heat medium in the present invention is supplied to the
reactor so that it will be in contact with the above-mentioned
raw material for a certain time in the reactor. The heat medium
is a medium which undergoes no thermal decomposition at
the temperature in the reactor, and specifically, it is preferably
a medium which undergoes no thermal decomposition at a
temperature of from 100 to 1,200° C. The heat medium may
be at least one member selected from steam, nitrogen and
carbon dioxide. It is preferred to use a gas containing steam in
an amount of at least 50 vol % and the rest being nitrogen
and/or carbon dioxide. In order to remove HCI formed by a
thermal decomposition reaction of the above formula (1) in
the form ofhydrochloric acid, the content ratio of steam in the
heat medium is preferably at least 50 vol %, and it is particu-
larly preferred to use a gas consisting substantially solely of
steam (100 vol %).

The supply amount of the heat medium is preferably a
proportion of from 20 to 98 vol %, more preferably from 50 to
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95 vol %, in the total of the supply amounts of the heat
medium and the raw material. By adjusting the proportion of
the supply amount of the heat medium to be at least 20 vol %
to the total of the supply amounts of the heat medium and the
raw material, it becomes possible to produce HFO-1234yf
and VdF in sufficiently high yield by facilitating the thermal
decomposition reaction of the above formula (1) while pre-
venting formation of high-boiling point products or carbon-
ization of the raw material. Whereas, if the proportion
exceeds 98 vol %, the productivity lowers substantially, such
being industrially not practical.

Further, from the viewpoint of the thermal decomposition
and the reactivity of the raw material components, the tem-
perature of the heat medium to be supplied to the reactor is
adjusted to be preferably from 100to 1,200° C. With a view to
further improving the reactivity of the raw material compo-
nents, the temperature of the heat medium to be supplied to
the reactor is adjusted to be more preferably from 600 to 900°
C., particularly preferably from 700 to 900° C.

The contact time in the reactor, of the heat medium and the
raw material thus supplied, is adjusted to be preferably from
0.01 to 10 seconds, more preferably from 0.2 to 3.0 seconds.
By adjusting the contact time to be from 0.01 to 10 seconds,
it is possible to sufficiently facilitate the reaction to form
HFO-1234yf and to prevent formation of byproducts. Here,
the contact time of the heat medium and the raw material
corresponds to the retention time of the raw material in the
reactor and can be controlled by adjusting the supply amount
(flow rate) of the raw material to the reactor.
<Reactor>

As the reactor, so long as it is one durable to the after-
mentioned temperature and pressure in the reactor, its shape is
not particularly limited, and for example, a cylindrical verti-
cal reactor may be mentioned. The material for the reactor
may, for example, be glass, iron, nickel or an alloy containing
iron and nickel as the main components.

The temperature in the reactor in the step (c) is set to be a
temperature of at least the temperature of R22, R40 and TFE
as the raw material to be supplied to the reactor, and prefer-
ably from 400 to 1,200° C., further preferably within a range
of from 600 to 900° C., particularly preferably within a range
of from 710 to 900° C. By adjusting the temperature in the
reactor to be within the range of from 400 to 1,200° C., it is
possible to increase the reaction rate of the formation reaction
involving thermal decomposition represented by the above
formula (1) and to obtain HFO-1234yf, etc. in sufficiently
high yield.

The temperature in the reactor can be controlled by adjust-
ing the temperature and pressure of the above heat medium to
be supplied to the reactor. Further, it is also possible to supple-
mentarily heat the inside of the reactor by e.g. an electric
heater so that the temperature in the reactor becomes to be
within the particularly preferred temperature range (from 710
to 900° C.).

The pressure in the reactor is adjusted to be preferably from
0to 2.0 MPa, more preferably within a range of from 0 to 0.5
MPa, by gauge pressure.
<Reaction Apparatus>

Examples of the reaction apparatus to be used for the
production of HFO-1234yf, etc. in the present invention are
shown in FIGS. 1 and 2.

The reaction apparatus 20 has a reactor 1 provided with a
heating means such as an electric heater. To the reactor 1, a
supply line 2 for R40 as a first raw material component, a
supply line 3 for R22 as a second raw material component, a
supply line 4 for TFE as a third raw material component and
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a supply line 5 for steam, are connected as described in the
following. Here, provision of the heating means in the reactor
1 is not necessarily required.

The supply line 2 for R40, the supply line 3 for R22 and the
supply line 4 for TFE, are, respectively, provided with pre-
heaters 2a, 3a and 4a each provided with an electric heater or
the like, so that the respective raw material components to be
supplied, are preheated to predetermined temperatures and
then supplied to the reactor 1. Further, the supply line 5 for
steam, is provided with a superheated steam generator 5a,
whereby the temperature and pressure of steam to be sup-
plied, are adjusted. Here, provision of preheaters 2a, 3a and
4a is not necessarily required.

These supply lines 2, 3 and 4 may be separately connected
to the reactor 1, respectively, but as shown in FIG. 2, a R22
and TFE raw material supply line 6 having a raw material
supply line 3 and a raw material supply line 4 interlinked, may
be connected to the reactor 1. Otherwise, for example, as
shown in FIG. 1, the supply line 3 for R22 and the supply line
4 for TFE may be interlinked after the respective preheaters
3a and 4a, and to this interlinked R22 and TFE raw material
supply line 6, the supply line 2 for R40 after the preheater 2a
may be further linked. That is, the construction may be such
that the preheated R22 and TFE are mixed, and then, to this
raw material mixture of R22 and TFE, the preheated R40 is
further mixed, so that the raw material mixture having all raw
material components mixed, will be supplied to the reactor 1
from the raw material mixture-supply line 7.

On the other hand, steam may be mixed with a part or all of
the raw material and then supplied to the reactor 1, but it is
preferred to supply it to the reactor separately from the raw
material. That is, as shown in FIGS. 1 and 2, it is preferred that
steam is supplied to the reactor 1 from a steam-supply line 5
separately from the raw material mixture.

To the outlet of the reactor 1, an outlet line 9 having a
cooling means 8 such as a heat exchanger installed, is con-
nected. In the outlet line 7, further, a steam and acidic liquid-
recovery tank 10, an alkaline cleaning device 11 and a dehy-
drating tower 12 are sequentially installed. And, it is so
designed that after dehydration by the dehydrating tower 12,
the respective components in the obtained gas are analyzed
and quantified by an analytical device such as gas chroma-
tography (GC).

Here, a gas obtained by withdrawing the reaction mixture
containing HFO-1234yt and TFE from the reactor 1 and
removing an acidic substance such as hydrogen chloride,
steam, water, etc. by the above-mentioned treatments in the
outlet line 9, will be hereinafter referred to as outlet gas.
<Outlet Gas Components>

In the process of the present invention, HFO-1234yf and
VdF are obtainable as components of the above outlet gas.
Compounds other than HFO-1234yf and VdF contained in
the outlet gas may, for example, be methane, ethylene, TFE,
HFP, CTFE, trifluoroethylene, RC318, 3,3 3-trifluoropro-
pene (CF3CH—CH2; HFO-1243zf), etc. Among these com-
ponents, methane and ethylene having a methylene group
(=—CH2) or a methyl group (—CH3) are compounds derived
from raw material component R40, and TFE, HFP, CTFE,
trifluoroethylene, RC318 and HFO-1243zf having fluorine
atoms are, respectively, compounds derived from R22 and/or
TFE among the raw material components. Further, HFO-
1234yf and VdF are compounds derived from R22 and/or
TFE and also compounds derived from R40.

The above components other than HFO-1234yf and VdF
contained in the outlet gas can be removed to a desired extent
by a known means such as distillation, etc. And, separated
TFE may be recycled as a part of raw material, Further, HFP,
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CTFE, trifluoroethylene and RC318 are also compounds
capable of forming difluorocarbene (F,C:) and may be
recycled as a part of raw material. Here, CTFE contained as a
byproduct in the outlet gas is difficult to separate by distilla-
tion from HFO-1234yf since the boiling point is close, but the
proportion of the amount of byproduct CTFE to the formed
amount of HFO-1234yf is low, and therefore, it is possible to
obtain highly pure HFO-1234yf by distillation for purifica-
tion.

According to the process of the present invention, it is
possible to produce HFO-1234yf useful as a new refrigerant
in sufficiently high yield with a global warming potential
(GWP) being as small as 4, by one reaction using R22, R40
and TFE as raw material. For example, according to the
process of the present invention, as compared with conven-
tional methods for producing HFO-1234yf, it is possible not
only to reduce costs required for the raw material and pro-
duction facilities but also to substantially reduce the energy
required for the production. Further, it is possible to produce,
together with HFO-1234yf, VdF which is useful as raw mate-
rial for polyvinylidene fluoride which is industrially used for
e.g. a water-treating filter, and thus, it is possible to produce a
material important for maintaining the global environment at
low costs with a low energy and simultaneously.

Also in the case of a two component system using R22 and
R40 and not using TFE as raw material, by the contact with a
heat medium, a similar thermal decomposition/dehydrochlo-
rination reaction takes place to form HFO-1234yf and VdF.
However, in the present invention using a three component
system raw material comprising R22, R40 and TFE, as com-
pared with the case using the two component system raw
material, the contact time of the raw material and the heat
medium in the reactor can be shortened.

Further, in the present invention, it is possible to obtain
highly pure HFO-1234yf by preventing formation of a
byproduct which is very difficult to separate since the boiling
point is close among byproducts derived from R22 and TFE.
That is, among byproducts derived from R22 and TFE, CTFE
has a boiling point of -28° C. which is very close to the
boiling point (-29° C.) of HFO-1234yf and is difficult to
separate or purify by common separation/purification tech-
niques (such as distillation, etc.), but in the present invention,
by using the three component system raw material compris-
ing R22,R40 and TFE, the proportion of the amount of CTFE
formed to the amount of HFO-1234yf formed can be substan-
tially reduced, and it is possible to obtain HFO-1234yfhaving
a higher purity.

EXAMPLES

Now, the present invention will be described in further
detail with reference to Examples, but it should be understood
that the present invention is by no means restricted by these
Examples.

Example 1

Using the reaction apparatus as shown in FIG. 1, from a raw
material gas comprising R22, R40 and TFE, crude HFO-
1234yf and crude VdF were obtained as follows.

Into a stainless steel tube in an electric furnace set at an
internal temperature of 300° C., R40 was continuously intro-
duced, and R40 was heated (preheated) to 300° C. Further,
into a stainless steel tube in an electric furnace set at an
internal temperature of 300° C., R22 was continuously intro-
duced, and R22 was preheated to 300° C. Furthermore, into a
stainless steel tube in an electric furnace set at an internal
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temperature of 300° C., TFE was continuously introduced,
and TFE was preheated to 300° C.

These preheated raw material gas components (R40, R22
and TFE) and steam (water vapor) heated by an electric fur-
nace set at an internal temperature of 750° C. were supplied to
a reactor controlled to have an internal pressure (gauge pres-
sure) of 0.04 MPa and an internal temperature of 800° C., so
that the molar ratios of the supply amounts of the raw material
components would be

TFE/R22=50/50(=1.0)(i.e. TFE/(TFE+R22)=50/100)

R40/(R22+TFE)=42.8/57.1=0.75,and

the volume ratio of steam to the entire raw material gas supply
amount would be

steam/(R40+R22+7FE)=90/10(i.e. R40/R22/TFE/
steam=4.3/2.8/2.8/90).

Here, the volume ratio of the supply amount of steam to the
supply amount of the entire gas to be supplied to the reactor
(hereinafter referred to as the flow volume ratio of steam)
would be 90/(10490)=0.9 (90%). Further, the molar ratio of
R40 to the total of R22 and TFE is, as mentioned above, 0.75
(R40/(R22+TFE)=42.8/57.1), but from the viewpoint of the
function as a compound containing fluorine atoms among the
components constituting the raw material, 1 mol of TFE
corresponds to 2 mol of R22 and can be counted as 2 equiva-
lents, and thus, the equivalent ratio of R40 to R22 and TFE
would be 0.5 from the following calculation.

RAO/(R22+TFE)=42 8/(28.55+28.55%2)=0.5

Thus, the flow rate of the raw material gas (the supply
amount per unit time) was controlled so that the retention time
of'the raw material gas in the reactor would be 0.5 second, and
the gas of the reaction mixture was withdrawn from the outlet
of'the reactor. The measured value of the internal temperature
of the reactor was 800° C., and the measured value of the
internal pressure of the reactor was 0.042 MPa. Here, the gas
of the reaction mixture withdrawn from the outlet of the
reactor contains unreacted raw material gas in addition to the
gas formed by the reaction or by side reactions.

Then, the gas of the reaction mixture withdrawn from the
outlet of the reactor was cooled to at most 100° C. and sub-
jected to recovery of steam and the acidic liquid and alkaline
cleaning sequentially and then to dehydration treatment,
whereupon the obtained outlet gas was analyzed by gas chro-
matography, and the molar composition of the gas compo-
nents contained in the outlet gas was calculated. These results
are shown in Table 1 together with the reaction conditions.

Here, the preheat temperatures of R40, R22 and TFE are
preset temperatures in the respective electric furnaces for
preheating, and the steam temperature is a preset temperature
in the electric furnace for heating steam. Further, the steam
pressure is a preset pressure.

Further, based on the molar composition of the outlet gas
obtained by the analysis by gas chromatography, the conver-
sion (reaction rate) of R40, the selectivity of each component
derived from R40, the conversion (reaction rate) of R22 and
TFE, the selectivity of each component derived from R22
and/or TFE, and the ratio of HFO-1234yf to CTFE (HFO-
1234yf/CTFE) were, respectively, obtained. These results are
shown in the lower columns in Table 1.

The above values have the following meanings, respec-
tively.

(R40 Conversion (Reaction Rate))

When the proportion (R40 recovery rate) which R40 occu-
pies among R40-derived components (i.e. components hav-
ing a methylene group or a methyl group) in the outlet gas is
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X %, (100-X) % is referred to as the conversion (reaction
rate) of R40. It means the proportion (mol %) of reacted R40.
(Selectivity of Each Component Derived from R40)

In reacted R40, % of one converted to each component
other than R40. The selectivity of each component is obtain-
able by [yield of each component derived from R40]/[conver-
sion (reaction rate) of R40]. Here, the yield of each compo-
nent derived from R40 is the proportion (mol %) which each
component other than R40 occupies among R40-derived
components in the outlet gas.

(Conversion (Reaction Rate) of R22 and TFE)

When the proportion (R22 and/or TFE recovery rate)
which R22 and/or TFE occupies among R22 and/or TFE-
derived components being compounds containing fluorine
atoms (components having fluorine atoms) in the outlet gas is
X %, (100-X) % is referred to as the conversion (reaction
rate) of R22 and/or TFE. It means the proportion (mol %) of
reacted R22 and/or TFE.

(Selectivity of Each Component Derived from R22 and/or
TFE)

In reacted R22 and/or TFE, % of one converted to each
component other than R40. The selectivity of each compo-
nent is obtainable by [yield of each component derived from
R22 and/or TFE]/[conversion (reaction rate) of R22 and/or
TFE]. Here, the yield of each component derived from R22
and/or TFE is the proportion (mol %) which each component
other than R22 occupies among R22- and/or TFE-derived
components in the outlet gas.

In Examples of the present invention wherein the raw mate-
rial gas contains TFE, TFE undergoes a reaction or conver-
sion, but it may have been formed from R22, and therefore, it
is impossible to obtain the conversion (reaction rate) of only
TFE. Likewise, it is impossible to determine whether HFO-
1234yf or VdF being a product having fluorine atoms, is one
formed from R22 or one formed from TFE. Therefore, on the
assumption that “raw material TFE is all R22”, the proportion
in which such raw material R22 is reacted, is deemed to be the
conversion (reaction rate) of R22 and/or TFE. Further, the
percentage (%) of each component converted from such raw
material R22 is obtained and taken as the selectivity of each
component derived from R22 and/or TFE.
(HFO-1234yf/CTFE Ratio)

The proportion of HFO-1234yf present to CTFE present in
the outlet gas. It is obtainable by [selectivity of HFO-1234yf
derived from R22 and/or TFE]/[selectivity of CTFE derived
from R22 and/or TFE]. It represents in what proportion (mo-
lar ratio), HFO-1234yf is present to CTFE in the outlet gas.

Examples 2 to 4

The molar ratio (TFE/(TFE+R22)) of the supply amount of
TFE to the total supply amount of TFE and R22 was made to
be 0.1 (10%) in Example 2, 3 (30%) in Example 3 and 0.7
(70%) in Example 4. Further, so that the equivalent ratio of
R40/(TFE+R22) would be 0.5, the molar ratio of R40/(TFE+
R22) was made to be 0.55 in Example 2, 0.65 in Example 3
and 0.85 in Example 4. Otherwise, the reaction was con-
ducted under the same conditions as in Example 1.

Then, the gas of the reaction mixture withdrawn from the
outlet of the reactor was cooled to at most 100° C. and sub-
jected to recovery of steam and the acidic liquid and alkaline
cleaning sequentially and then to dehydration treatment,
whereupon the obtained outlet gas was analyzed by gas chro-
matography, and the molar composition of the gas compo-
nents contained in the outlet gas was calculated. Further,
based on the obtained molar composition of the outlet gas, the
conversion (reaction rate) of R40, the selectivity of each
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component derived from R40, the conversion (reaction rate)
ot R22 and/or TFE, the selectivity of each component derived
from R22 and/or TFE, and the ratio of HFO-1234yfto CTFE
(HFO-1234yf/CTFE) were, respectively, obtained. These
results are shown in the lower columns in Table 1.

Comparative Example 1

Using a raw material gas composed solely of R22 and R40
without using TFE as raw material gas, crude HFO-1234yf
and crude VdF were obtained as follows.

Into a stainless steel tube in an electric furnace set at an
internal temperature of 300° C., R40 was continuously intro-
duced, and R40 was heated (preheated) to 300° C. Further,
into a stainless steel tube in an electric furnace set at an
internal temperature of 300° C., R22 was continuously intro-
duced, and R22 was preheated to 300° C.

These preheated raw material gas components (R40 and
R22) and steam heated by an electric furnace set at an internal
temperature of 750° C. were supplied to a reactor controlled
to have an internal pressure (gauge pressure) of 0.04 MPa and
an internal temperature of 800° C., so that the molar ratios of
the supply amounts of R40 and R22 would be R40/R22=33/
67, and the volume ratio of the flow rate of steam to the
supply amount of the raw material gas would be
steam/(R40+R22)=90/10 (R40/R22/steam=3.3/6.7/90).
Here, the volume ratio of the supply amount of steam to the
supply amount of the entire gas to be supplied to the reactor
(the flow volume ratio of steam) is 90 vol % in the same
manner as in Example 1. And, the flow rate of the raw material
gas was controlled so that the retention time of the raw mate-
rial gas in the reactor would be 0.5 second, and the gas of the
reaction mixture was withdrawn from the outlet of the reactor.
The measured value of the internal temperature of the reactor
was 800° C., and the measured value of the internal pressure
of the reactor was 0.042 MPa.

Then, the gas of the reaction mixture withdrawn from the
outlet of the reactor was cooled to at most 100° C. and sub-
jected to recovery of steam and the acidic liquid and alkaline
cleaning sequentially and then to dehydration treatment,
whereupon the obtained outlet gas was analyzed by gas chro-
matography, and the molar composition of the gas compo-
nents contained in the outlet gas was calculated. Based on the
obtained molar composition of the outlet gas, the conversion
(reaction rate) of R40, the selectivity of each component
derived from R40, the conversion (reaction rate) of R22 and/
or TFE, the selectivity of each component derived from R22
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and/or TFE, and the ratio of HFO-1234yf to CTFE (HFO-
1234yf/CTFE) were, respectively, obtained. The results are
shown in the lower columns in Table 1.

Example 5

Without conducting preheating of R40, R22 and TFE, the
respective raw material components at room temperature (10°
C.) were supplied as they were, to the reactor. Otherwise, the
reaction was conducted under the same conditions as in
Example 1.

Then, the gas of the reaction mixture withdrawn from the
outlet of the reactor was cooled to at most 100° C. and sub-
jected to recovery of steam and the acidic liquid and alkaline
cleaning sequentially and then to dehydration treatment,
whereupon the obtained outlet gas was analyzed by gas chro-
matography, and the molar composition of the gas compo-
nents contained in the outlet gas was calculated. Based on the
obtained molar composition of the outlet gas, the conversion
(reaction rate) of R40, the selectivity of each component
derived from R40, the conversion (reaction rate) of R22 and/
or TFE, the selectivity of each component derived from R22
and/or TFE, and the ratio of HFO-1234yf to CTFE (HFO-
1234yf/CTFE) were, respectively, obtained. The results are
shown in the lower columns in Table 1.

Comparative Example 2

A raw material composed solely of R22 and R40 was used
without using TFE as raw material gas. And, without con-
ducting preheating of R40 and R22, the respective raw mate-
rial components at room temperature (10° C.) were supplied
as they were, to the reactor. Otherwise, the reaction was
conducted under the same conditions as in Example 1.

Then, the gas of the reaction mixture withdrawn from the
outlet of the reactor was cooled to at most 100° C. and sub-
jected to recovery of steam and the acidic liquid and alkaline
cleaning sequentially and then to dehydration treatment,
whereupon the obtained outlet gas was analyzed by gas chro-
matography, and the molar composition of the gas compo-
nents contained in the outlet gas was calculated. Based on the
obtained molar composition of the outlet gas, the conversion
(reaction rate) of R40, the selectivity of each component
derived from R40, the conversion (reaction rate) of R22 and/
or TFE, the selectivity of each component derived from R22
and/or TFE, and the ratio of HFO-1234yf to CTFE (HFO-
1234yf/CTFE) were, respectively, obtained. The results are
shown in the lower columns in Table 1.

TABLE 1
Comp. Comp.
Ex. 1 Ex. 2 Ex.3 Ex. 4 Ex.5 Ex. 1 Ex. 2
Temperature (° C.) in reactor 800 800 800 800 800 800 800
Pressure (MPa) in reactor 0.042 0.042 0.042 0.042 0.042 0.042 0.042
Retention time (s) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Equivalent ratio of 0.5 0.5 0.5 0.5 0.5 0.5 0.5
R40/(R22 + TFE x 2)
Molar ratio of R40/(R22 + TFE) 0.75 0.55 0.65 0.85 0.75 0.5 0.5
Molar ratio of TFE/(R22 + TFE) 0.5 0.1 0.3 0.7 0.5 0 0
Molar ratio of TFE/R22 1.00 0.11 0.43 2.33 1.00 0 0
R40-preheat temperature (° C.) 300 300 300 300 10 300 10
R22, TFE-preheat temperature 300 300 300 300 10 300 10
e
Steam flow volume ratio (%) 90 20 20 90 20 90 20
Steam temperature (° C.) 750 750 750 750 750 750 750
Steam pressure (MPaG) 0.042  0.042 0.042 0.042 0.042 0.042 0.042
R40 conversion (=R40 reaction 47.81 50.50 4947 43.14  49.70 48.71 49.03

rate (%))
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TABLE 1-continued
Comp. Comp.
Ex. 1 Ex.2 Ex. 3 Ex. 4 Ex. 5 Ex. 1 Ex.2
Selectivity (%) of R40-  1234yf  22.6 21.5 22.4 24.0 22.3 22.0 21.5
derived components VdF 73.1 733 73.2 71.3 73.7 74.4 74.3
Others 4.3 5.2 4.4 4.7 4.0 3.6 4.2
R22 and TFE-conversion (%) 96.22 9537 9582  97.67 96.83  93.05 94.30
Selectivity (%) of R22 TFE 59.77 61.14  59.63 67.03 59.94 6231 63.38
and/or TFE-derived 1234yf  11.40 10.46 11.43 9.09 11.18 10.44 9.86
components VdF 18.41 17.85 18.66 13.50 18.51 17.66 17.06
CTFE 0.60 1.01 0.79 0.32 0.63 1.19 1.17
Others 9.82 9.54 9.48 10.05 9.73 8.39 8.53
1234yf/CTFE ratio 19.14 10.37 14.41 28.01 17.78 8.74 8.45

1
As is evident from Table 1, in Examples 1 to 5, formation

of CTFE which is very difficult to separate as the boiling point
is close to HFO-1234yf, among products derived from R22
and/or TFE, is prevented, and it is possible to obtain highly
pure HFO-1234yf.

That is, in Example 1 wherein the molar ratio of TFE to
TFE+R22 is 50%, 86.2% in the components derived from
R22 and/or TFE in the outlet gas, was HFO-1234yf and VdF
as desired products and TFE as one of raw material compo-
nents, and the respective formed molar ratios were HFO-
1234yf/VdF/TFE=10.6/34.0/55.3. And, the total in selectiv-
ity of HFO-234yfand VdF based on R40 was 95.7% (22.6%+
73.1%), and the formed molar ratio of HFO-1234yfto CTFE
(HFO-1234yf/CTFE) was as large as 19.14.

Whereas, in Comparative Example 1 wherein a raw mate-
rial composed of R40 and R22 was used without using TFE,
the yield in total of HFO-1234yf and VdF as the desired
products and TFE as one of the raw material components, was
84.1% which is lower than in Example 1, and the respective
formed molar ratios were HFO-1234yf/VdF/TFE=9.7/332.7/
577, i.e. each of the formed molar ratios of HFO-1234 and
VdF is lower than in Example 1. And, the total in selectivity
of HFO-1234yt and VdF based on R40 was 96.4% (22.0%+
74.4%), which is slightly higher than in Example 1, but the
formed molar ratio of HFO-1234yf to CTFE (HFO-1234yf/
CTFE)was 8.74, which is substantially low as compared with
Example 1.

Thus, it is evident that in Example 1, as compared with
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HFO-1234yf is suppressed, and HFO-1234 having a higher
purity is obtained. It is further evident that also in Examples 2
to 5, as compared with Comparative Examples 1 and 2, for-
mation of CTFE to formation of HFO-1234yt is suppressed,
whereby HFO-1234yf/CTFE is higher, and HFO-1234 hav-
ing a higher purity is obtained.

Further, it is evident that even when the molar ratio of TFE
in the raw material gas is increased from 0% (Comparative
Example 1) to 10% (Example 2), 30% (Example 3) or 50%
(Example 1), the proportion (molar ratio) of TFE in the outlet
gas will not increase and rather tends to decrease, and the ratio
of TFE to HFO-1234yf decreases, which indicates an
increase of formation of HFO-1234yf as compared with TFE.
This indicates that the use of TFE as a raw material compo-
nent is effective for the formation of HFO-1234yf.

Furthermore, the following is evident from Table 1. That is,
when TFE is used as a part of raw material so that the molar
ratio of TFE in TFE+R22 (i.e. TFE/(TFE+R22)) becomes at
least 10%, irrespective of preheating, the yield of HFO-
1234yt in the outlet gas increases, and particularly, the selec-
tivity of HFO-1234yf derived from R22 and/or TFE increases
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substantially. Thus, it is evident that the use of TFE as a part
of raw material is effective for selectively obtaining HFO-
1234yf.

Examples 6 to 9

In Examples 6 to 8, the reaction was conducted under the
same conditions as in Example 1 except that the temperature
in the reactor was changed as shown in Table 2. Further, in
Example 9, the reaction was conducted under the same con-
ditions as in Example 1 except that using the reaction appa-
ratus as shown in FIG. 2, the preheat temperature of R40 was
changed as shown in Table 2. Then, the gas of a reaction
mixture withdrawn from the outlet of the reactor was treated
in the same manner as in Example 1, and then, the obtained
outlet gas was analyzed in the same manner as in Example 1.
The results are shown in Table 2 together with the reaction
conditions.

TABLE 2
Ex. 6 Ex.7 Ex. 8 Ex.9

Temperature (° C.) in reactor 730 770 850 800
Pressure (MPa) in reactor 0.042 0.042 0.042 0.042
Retention time (s) 0.5 0.5 0.5 0.5
Equivalent ratio of R40/ 0.5 0.5 0.5 0.5
(R22+ TFE x 2)
Molar ratio of R40/ 0.75 0.75 0.75 0.75
(R22 + TFE)
Molar ratio of TFE/ 0.5 0.5 0.5 0.5
(R22 + TFE)
Molar ratio of TFE/R22 1.00 1.00 1.00 1.00
R40-preheat temperature 300 300 300 700
)
R22, TFE-preheat 300 300 300 300
temperature (° C.)
Steam flow volume ratio (%) 20 20 90 20
Steam temperature (° C.) 750 750 750 750
Steam pressure (MPaG) 0.042 0.042 0.042 0.042
R40 conversion (=R40 10.97 27.25 73.13  53.15
reaction rate (%))
Selectivity (%) of 1234yf 36.2 29.2 13.2 22.2
R40-derived VdF 62.7 67.8 82.8 72.7
components Others 1.1 3.0 4.0 5.1
R22 and TFE-conversion (%) 96.47 96.84 98.09 95.64
Selectivity (%) of TFE 86.47 71.16 1198  57.94
R22 and/or 1234yf 3.88 10.49 17.11 11.69
TFE-derived VdF 3.36 10.54  53.54  19.16
components CTFE 0.09 0.28 1.03 0.65

Others 6.20 7.53 11.35 10.56
1234yf/CTFE ratio 44.21 38.30 16.59 18.18

INDUSTRIAL APPLICABILITY

According to the process of the present invention, it is
possible to produce HFO-1234yf useful as a new refrigerant
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in sufficiently high yield by one reaction, using readily avail-
ableR22,R40 and TFE as raw material, and as compared with
conventional methods for producing HFO-1234yf, it is pos-
sible to reduce costs required for the raw material and pro-
duction facilities.

Further, it is possible to prevent formation of a byproduct
such as CTFE which is difficult to separate by distillation
from HFO-1234yf and to obtain HFO-1234yf in sufficiently
high yield. Further, it is possible to produce, together with
HFO-1234yf, VdF which is useful as raw material for e.g.
polyvinylidene fluoride, and thus, economical merits are sub-
stantial.

This application is a continuation of PCT Application No.
PCT/IP2013/057258, filed on Mar. 14, 2013, which is based
upon and claims the benefit of priority from Japanese Patent
Application No. 2012-057569 filed on Mar. 14, 2012 and
Japanese Patent Application No. 2012-169498 filed on Jul.
31,2012. The contents of those applications are incorporated
herein by reference in their entireties.

REFERENCE SYMBOLS

1: reactor, 2: supply line for R40, 3: supply line for R22, 4:
supply line for TFE, 5: supply line for steam, 2a, 3a, 4a:
preheater, 5a: super-heated steam generator, 8: cooling
means, 9: outlet line, 10: steam and acidic liquid-recovery
tank, 11: alkaline cleaning device, 12: dehydrating tower, 20:
reaction apparatus

What is claimed is:

1. A process for producing 2,3,3,3-tetrafluoropropene and
1,1-difluoroethylene from chlorodifluoromethane, chlo-
romethane and tetrafluoroethylene, the process comprising:

(a) supplying chlorodifluoromethane, chloromethane and

tetrafluoroethylene to a reactor, as preliminarily mixed
or separately,

(b) supplying a heat medium to the reactor, and

(c) contacting the heat medium with chlorodifiuo-

romethane, chloromethane and tetrafluoroethylene in
the reactor to form a reaction product comprising 2,3,3,
3-tetrafluoropropene and 1,1-difluoroethylene.

2. The process according to claim 1, wherein a molar ratio
of tetrafluoroethylene to chlorodifluoromethane supplied to
the reactor ranges from 0.01 to 100.
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3. The process according to claim 1, wherein a molar ratio
of chloromethane to chlorodifluoromethane and tetrafluoro-
ethylene in total supplied to the reactor ranges from 0.1 to 10.

4. The process according to claim 1, wherein chlo-
romethane is supplied to the reactor at a temperature of from
0to 1,200° C.

5. The process according to claim 1, wherein chlorodifluo-
romethane is supplied to the reactor at a temperature of from
0 to 600° C.

6. The process according to claim 1, wherein tetrafluoro-
ethylene is supplied to the reactor at a temperature of from 0
to 1,200° C.

7. The process according to claim 1, wherein a temperature
in the reactor in said contacting (c) is adjusted to be from 400
to 1,200° C.

8. The process according to claim 1, wherein the heat
medium is supplied to the reactor at a temperature of from 100
to 1,200° C.

9. The process according to claim 1, wherein the heat
medium is at least one selected from the group consisting of
steam, nitrogen and carbon dioxide.

10. The process according to claim 1, wherein the heat
medium is supplied at an amount of from 20 to 98 vol % in an
entire gas supplied to the reactor.

11. The process according to claim 1, wherein gas supplied
to the reactor has a contact time in the reactor of from 0.01 to
10 seconds.

12. The process according to claim 1, wherein a pressure in
the reactor is from 0 to 2 MPa by gauge pressure.

13. The process according to claim 1, wherein at least one
selected from the group consisting of chlorotrifluoroethylene,
trifluoroethylene, hexafluoropropene and octafluorocyclobu-
tane, is further supplied to the reactor.

14. The process according to claim 1, wherein

the reaction product further comprises chlorotrifltuoroeth-

ylene, and

amolar ratio of 2,3,3,3-tetrafluoropropene to chlorotrifluo-

roethylene in the reaction product is 29.0.
15. The process according to claim 1, further comprising:
(d) after said contacting (c), withdrawing from the reactor
a reaction mixture comprising 2,3,3,3-tetrafluoropro-
pene and 1,1-difluoroethylene formed in the reactor,
wherein said supplying (a), said supplying (b), and said
withdrawing (d) are continuously carried out.
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